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The purpose of this study is to analyze economic alter 
natives in designing an open-pit gold mine, taking into 
consideration the gold values distribution with respect to 
changes in the depth within the orebody.
With this thought guiding our actions, a comparison 
study of grade and tonnage was carried out by the author 
for all benches between five- and ten-meters incrementing 
at a constant rate of one-meter in order to select the opti 
mum bench heights.
In order to determine the impact of this finding over 
the discount cash flow rate of return of the projects, a 
sensitivity analysis has been done using a computer program 
that simulates the discounted cash flow rate of return. 
Encouraging results were obtained on the eight-meter bench.
As a result of this study, it is recommended to mine 
the East Mejita using benches of eight-meters height, and 
it is also recommended to carry out a similar study on the 
main pit in order to select the optimum bench height for 
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The purpose of this study is to analyze economic alter­
natives in designing an open-pit gold mine, taking into 
consideration the gold values distribution with respect 
to changes in the depth within the orebody.
With this thought guiding our actions, a comparison 
study of grade and tonnage between five- and ten-meteis benches 
was carried out by the author in the mine site (1975), Pueblo 
Viejo Mine (Dominican Republic). An area of the main, pit 
was taken as representative of the orebody and was redesigned 
for five- and ten-meteis bench heights.
A special computer program was written by the author 
to compare the economics of the two bench heights. These 
economics will be affected by differences in drilling, blasting, 
loading, hauling, and road maintenance requirements. The re­
quirements can be directly modeled in the form of differences 
in operating cost. On the other hand, the smaller bench may 
result in sending some ore to the mill that previously would 
go to the waste or leaching dump. It was necessary to decide
1
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if the gains from recovery of a large amount of precious 
metals more than offset the higher operating costs. In 
order to find an answer to this question, the author selected 
one of the pits (East Mejita Orebody) from the mine and re­
designed it for all bench elevations in between five- and 
ten-meters, increasing at a constant rate of one meter.
As a result of this study, it was found that evaluating 
ore deposits using composites of different elevations, four 
things can happen due mainly to the erratic distribution 
of the mineralization:
a) The value of the deposit could be increased by
obtaining higher mean-grade and higher tonnage
for the orebody.
b) The value of the deposit could be increased by
obtaining higher tonnage and reducing the mean-
grade for the orebody.
c) The value of the deposit could be reduced
by obtaining lower tonnage and increasing the
mean-grade for the orebody.
d) The value of the deposit could be reduced
by obtaining lower tonnage and reducing the mean-
grade for the orebody.
In order to optimize the value of the deposit a sen­
sitivity analysis was carried out among all of them.
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Localization
The Pueblo Viejo Mine, which is operated by Rosario 
Dominicana, S.A., is located in the central part of the1 
Dominican Republic, latitude 18°56'N, longitude 70°11'W.
The Dominican Republic and the Republic of Haiti share the 
Island of Hispaniola, which is the second largest island 
in the Caribbean arc (Fig. 1)
The Caribbean island arc lies between the continents 
of North and South American and comprises the Greater Antil­
lean islands on the west and the Lesser Antillean islands 
on the east. The Greater Antillean islands, as the name 
implies, are larger and consist of the islands of Cuba, 
Jamaica, Hispaniola, and Puerto Rico. These islands, which 
are smaller, have present volcanic activity. Hispaniola 
is especially intriguing because four structural trends 
converge upon it: the main axis of the island arc, the
southeastern part of the Bahamas, the swell (Nicaragua Rise) 
extending from Central America to Southwestern Hispaniola, 
and the Beata Ridge.
The Dominican Republic has a population of 4.2 million 
and an area of 18,700 square miles. Economically, this 
country has enjoyed prosperity during recent years; it offers 






















The Government of the Dominican Republic is well recog-
*
nized, however, in order to continue to progress they need the 
stimulus provided by outside private investment which can 
bring new capital, job opportunities and new knowledge to 
the people of the Republic. Because the government has recog­
nized the value of foreign investment, both as an economic 
'and a developmental force, they have new enacted laws which 
protect the investor and at the same time guarantee benefits, 
for the Dominican people.
The Dominican Monetary Board has developed a program 
to encourage foreign investment in the following sectors; 
mining, agriculture, manufacturing, industry, tourism, trans­
portation, communications, and financial institutions. Annual 
profit remittances are limited to 18 percent of registered 
foreign capital investment, and they offer special exemp­
tions on income taxes depending on the kind of industry.
Mine Description
The Pueblo Viejo Mine is accessible by paved road from 
the capital city of Santo Domingo. The one hundred kilometer 
journey takes approximately one and a half hours.
The climate is sub-tropical with an average temperature 
of 78°F and a range of 70°F to 90°F. Rainfall averages 170 
centimeters per year.
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The mine is situated in a series of rolling hills with 
an average height of 300 meters.
For the present, Rosario Dominicana is concentrating 
its efforts on open-cut development of the Moore orebody, 
consisting of the north and south hills. The twin hills 
are expected to be reduced in elevation by approximately 
200 feet, the average depth of the weathered oxide ore zone. 
Originally this pit was designed on the basis of 10-meters 
benches which will ultimately create a pit 500 meters wide, 
1,200 meters long, and 180 meters deep. Overall pit slope 
is 33° .
History
Gold was being produced at Pueblo Viejo almost five 
hundred years ago. The area may have been visited by the 
Spanish explorers in 1494 when expeditions were organized 
to the interior of the country, following the second visit 
to the island by Columbus. The earliest documentary evidence 
of exploitation by the Spaniards dates from 1505, but the 
original discovery was probably made by the local Indians. 
Limestone caves close to the minesite were used as Indian 
dwellings and rock carvings on the cave walls may still be 
seen today.
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In the years following the arrival of the "Conquista- 
dores" the native population was drastically reduced by 
disease and harsh working conditions. Records show that 
the Spaniards ceased to operate the mine in 1525, due to 
lack of labor. Probably, also, by this time the Spanish 
explorers were more interested in other parts of the New 
World. The remains of a townsite and numerous workings 
from this period can still be seen at Pueblo Viejo.
In the following centuries only a very few references 
were made to Pueblo Viejo and the gold mine was apparently 
forgotten until the 1950's when the Italian geologist,
R. Zoppis, undertook an extensive program of exploration 
and metallurgical testing. Thirty-one holes were drilled 
and eight adits excavated. A pilot plant was constructed, 
but problems in extracting gold from the sulphide material 
caused the project to be abandoned without producing com­
mercial quantities of gold.
Geologic Summary
The geological history of the Dominican Republic fol­
lowed a pattern that is recognized in island arcs through­
out the world. The oldest known rocks are predominantly 
volcanic flows. Their age is uncertain, but they are prob­
ably not much older than 135 million years, which is the
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approximately age of the oldest rocks in the country that 
have been dated.
Submarine volcanic activity continued during Lower 
Cretaceous times, but as the volcanic pile grew to reach 
the surface of the ocean the rocks that were being deposited 
became increasingly representative of a shallow water en­
vironment. Limestones were deposited, along with coarse 
and fine sediments derived from volcanic rocks, indicating 
that some parts of the volcanic pile had already emerged 
above sea level and were undergoing erosion.
As the island emerged from the sea, volcanic activity 
became predominantly subaerial and pyroclastic rocks were 
the principal type of deposit in Upper Cretaceous times. 
Towards the end of the Cretaceous volcanic activity began 
to decrease and by mid-Tertiary times had almost completely 
disappeared in Hispaniola.
Although volcanic activity ceased, the island continued 
to undergo tectonic disturbances which caused uplift and 
erosion of the volcanic rocks which now form the mountainous 
core of the island.
It is in these older volcanic rocks that the majority 
of mining areas in the country are located, such as the 
Cotui district which includes the Pueblo Viejo Mine.
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The extensive low grade mineralization of the Pueblo 
Viejo mine is predominantly restricted to the Pueblo Viejo 
member, a division of the Los Ranchos formation. The Pueblo 
Viejo member consists of an unknown thickness of volcanic 
sediments. Unaltered Pueblo Viejo rocks can be generalized 
as a fine to medium grained, thin-bedded, carbonaceous series 
of volcanic sediments. Witfiin the formation six sublitho- 
logies have been recognized. The sublithologies are mainly 
textural in their variations. The various sublithologies 
appear as subtle facies changes rather than mappable sub­
units. The sublithologies range from a very fine-grained 
siltstone through coarse grained volcanic ash to a fine 
conglomerate. One of the sublithologies contains numerous 
volcanic bombs suggesting proximity to a vent. The Pueblb 
Viejo member is predominantly thin bedded, but individual 
coarse grained beds have been mapped which are several feet 
in thickness. The member has an overall north-south strike 
and dips west at approximately 30 degrees.
Mineralization of the Pueblo Viejo member appears as 
both bedded and vein type sulfides. Identified sulfide 
minerals include pyrite, marcasite, sphalerite, covellite, 
chalcocite, chalcopyrite and enargite. Gangue minerals are 




Surface oxidation has rendered the upper portion of 
the orebody amenable to cyanide treatment. Metallurgical 
problems remain unsolved for the sulfide portion of the 
orebody. Oxidation has penetrated to a depth of approxi­
mately 80 meters at the hill tops. Relatively fresh, sulfide 
bearing rock is exposed in the drainages. The oxidation 
processes have broken down the sulfides, mobilizing and 
transporting the copper and zinc along with the carbon.
Silver has shown limited mobilization with an enriched zone 
at the oxide-sulfide interface.
Early microscopic studies of the oxidized ore have 
shown submicron sized metallic gold in association with 
limonite and hematite. This association appears to demon­
strate that the gold is held interstitially within the 
pyrite crystal lattice and has been released upon oxidation 
of the pyrite. Knowledge of which form of pyrite may be 
auriferous has not been established.
Initial drilling of the deposit has been limited to 
establishing the extent of the oxidized portion of the ore­
body. This drilling has developed approximately 30,000,000 
tons of oxide ore at an average grade of 0.126 oz. Au and
0.7 6 oz. Ag. These reserves include the Moore orebody and 
the East Mejita extension which are within the present 
exploitation concession (Fig. 2). The extent of the sulfide
T-1993 11
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portion of the orebody is presently unknown. Plans for 
deeper drilling of the deposit are being formulated.
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STATISTICAL INVESTIGATION
Inasmuch as the mineralization in some deposits is 
essentially so erratically distributed, it follows that 
miners should look for some method to: (a) estimate the
most likely values of blocks of ore, or the value of a 
whole deposit, and (b) to estimate the errors of such esti­
mates. Such that it is highly amenable to the application 
of statistical techniques for obtaining estimates of average 
grade. As we are dealing with a selective mining, a normal 
distribution should be assumed.
In any statistical textbook we can find a few elemen­
tary definitions which one tends to immediately forget, 
while in fact it is very important to keep them in mind 
so as to avoid making meaningless statements. To qualify 
this statement, we will review these definitions and see 
how important they .are for our type of problem.
1. Weighted Mean:
N
E Tonnage (V̂ ) x Assay (X̂ )
X = i=l___________________________
N







Z Vi x (Xi - X)
N
(N —1) E Ni
i=l
This statistic provides a measure of the dispersion 
of the assays about their mean.
3. Standard Error of the Mean:
SX “
N






This statistic is used for the purpose of computing 
the precision of the estimate of average grade.
4. Confidence Interval:
C.I. = X + (Sx tG)
(N - 1) 1/2
where X = Weighted mean of assays
= Standard error of the mean 
ta = table value of the "t" statistic at 
the a confidence interval, 
e.g. A 9 5% confidence interval would include the 
true mean of a sample "population" 19 times out 
of 20.
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(A) Results of the statistics computed for 10-meters bench 
height at a 1.4000 grams Au per M.ton cut-off grade were 
as follows:
1. Weighted Mean:
4.4730 gms. Au/M.ton *
2. Variance:
0.04 85 (gms. Au/M.ton)^
3. Standard Error of the Mean:
0.2202 gms. Au/M.ton
4. 95% Confidence Interval:
3.8334 - 5.1126 gms Au/M.ton 
In this case, therefore, the statistical evidence in­
dicates that the probability of the average grade of mill 
feed over the life of the deposit, using 10-metersbench 
height, being lower than 3.8334 gms. Au/M ton or greater 
than 5.1126 gms. Au/M ton is only 1 out of 20, i.e., there 
is a 95 percent chance that it will be in this range.
This statement is, of course, subject to two qualifications:
1. The samples are representative of the 
orebody;
2. A 1.4000 gms. Au/M ton cut-off grade is 
maintained.
(B) Results of the statistic computed for 9-meters bench 
height at a 1.4000 gms. Au/M ton cut-off grade were as 
follows:
* See Glossary for abbreviations.
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1. Weighted Mean:
4.37 57 gms. Au/M.ton
2. Variance:
0.0936 (gms. Au/M.ton)2
3. Standard Error of the Mean:
0.3060 gms. Au/M.ton
4. 95 percent Confidence Interval:
3.7760 - 4.9754 gms. Au/M.ton
The statistical evidence, therefore, indicates that 
the probability of the average grade of mill feed over the 
life of the property, using 9-meters bench height, being 
lower than 3.7760 grams Au/M.ton or greater than 4.9754 
gms. Au/M.ton is only 1 out of 20, i.e., there is 95 percent 
chance that it will be in this range. This statement is 
also subjected to the qualifications mentioned in the case 
of 10-metersbench height.
(C) Results of the statistic computed for 8-metersbench 





0.0521 (gms. Au/M.ton )2
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3. Standard Error of the Mean:
0.2282 gras.. Au/M.ton
4. 95 percent Confidence Interval:
3.5749 - 4.4696 gms. Au/M.ton
(D) Results of the statistic computed for 7-meteis bench 
height:
1. Weighted Mean:
4.277 3 gms. Au/M.ton
2. Variance:
0.0715 (gms. Au/M.ton )^
3. Standard Error of the Mean;
0.2674 gms Au/M.ton
4. 95 percent Confidence Interval:
3.7532 - 4.8015 gms Au/M ton






3. Standard Error of the Mean:
0.2350 gms. Au/M.ton
4. 95 percent Confidence Interval:
3.6877 - 4.6125 gms. Au/M.ton
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(F) Results of the statistic computed for 5-meters bench 
height:
1. Weighted Mean:
4.04 62 gms. Au/M.ton
2. Variance:
0.0281 (gms. Au/M.ton)^
3. Standard Error of the Mean:
0.1676 gms. Au/M.ton
4. 95 percent Confidence Interval:
3.7178 - 4.3746 gms. Au/M.ton
in all cases, this statistic is subjected to the qual­
ifications mentioned in the cases of 10-meteis and 9-meteis 




1. Ore reserve sections were prepared from assay data of
the drill holes developed in the mine area. Drill hole
cuttings are analyzed by fire assaying and atomic absorp­
tion for final control of ore grade, which varies con­
siderably.
2. Cut-off grade: 1.4000 gms. Au/M.ton
3. Mill Recovery: 90% Au and
55% Ag
4. Tonnage Factors: Specific gravity determinations conducted 
on representative samples taken during the bulk sampling 
program indicated an average tonnage factor of 2.42 
cubic meters per M-ton (8.545 cubic feet per S.ton).
5. Grade Categories:
Mill Feed: +1.4000 grams Au per M .ton:
Marginal Ore: -1.4000+ 0.4000 grams Au per M.ton 
Waste: -0.4000 grams Au per M.ton
6. Production Ratio:




7. Equipment selection controls are included in that 
section of this study.







10. 0 meters bench - 10.0 meters berm
9.0 meters bench - 9.0 meters berm
o00 meters bench - 7.0 meters berm
7.0 meters bench - 7.0 meters berm
6.0 meters bench - 7.0 meters berm
5.0 meters bench - 7.0 meters berm
Berms are incorporated in every bench.
10. Digging face slope:
1/2 to l
11. Overall Slope:
1 1/2 to 1 = 33°42'
12. Haulage Roads: Main haulage road is 20.0 - meters wide 
and maintains an average of 8 percent grade with the load.
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Preparation of Ore Reserve Sections
The drilling pattern on the property is essentially 
east-west. The mineralized, area, however, strikes approxi­
mately north-south. In order to take advantage of our 
optimization algorithm, it is imperative that sections be 
normal, or nearly so, to the strike of the orebody. With 
this thought guiding our actions, a geological reference 
line, bearing N-S was drawn and sections fitted normal to 
it. Sections were drawn and numbered at a constant distance 
of 20.0 meters starting at the coordinate N 94,200 until 
coordinate N 95,600.
A perusal of the drill results quickly indicates that 
the mineralization is very erratically distributed; it is 
extremely difficult to employ the classical type of geological 
interpretation in evaluating cross-sections. With this thought 
guiding our actions, a comparison study of grade and tonnage 
was originally suggested between five-and ten meters benches.
For this purpose the west flank of the orebody was chosen, 
but now we extended this study up to the East Mejita orebody.
The following "ground rules" were used to produce the 
ore reserve sections.
1. Using 330-meters as a reference evaluation, 
benches were drawn at 1.0-meter increment for 
all elevation in between 5.0 meters and 10.0 
meters.
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2. The appropriate bench height composite data 
was entered on the sections.
3. To obtain lateral projections on section all 
holes were bisected irrespective of their 
distance apart (seldom over 50-meters) subject 
to the constraint that ore projections were 
limited to 16-meters when the adjacent hole 
was entirely waste.
4. Ore in peripheral holes was projected 16.0- 
meters .
5. At the bottom of a drill hole, a +3.50-meters 
penetration into benches of 10.0-meters, or
9.0-metersor 8.0-meterswas recognized as a full 
bench height composite; while a +1.50-meters 
penetration into benches of 7.0-meters, or 6.0- 
metersor 5.0-meterswas recognized as a full 
bench height composite.
The sectional information was then transferred to 
bench plans (horizontal sections) and projects in the third 
dimension were controlled by intersecting the distance 
between the vertical sections. All tonnage compilation 
was done on a bench-by-bench basis from the bench plans.
6. A ten percentage factor was considered for dilution 
in grade.
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Polygonal Ore Reserve Data
In order to provide substantive evidence for the ore 
reserve data, it was decided to compile reserves using the 
right-bisector polygonal method as well. The methodology 
utilized for this calculation is outlined below.
1. A right bisector forms a polygon edge in 
the holes under consideration, less than 
50-meters apart.
2. Incomplete polygons are closed by an arc 
having a radius of 25-meters.
3. The intersection of two bisectors must be 
a distance of 25-meters or less from the 
center of the polygon otherwise argument (2) 
applies.
4. Isolated holes that do not have any right 
bisectors because adjacent holes are over 
50-meters away are enclosed with the circle 




Mill throughput is 8000-tpd on a seven day week. The 
mine is scheduled to operate two shifts per day, five days 
per week. For the purpose of this study, the author keeps 
constant this variable in all alternatives (different bench 
heights). A tonnage factor of 8.545 cubic feet per ton 
(2.42 cubic meters per M.ton) was used in this study.
Production Required
A. Ten Meters Bench
Production Ratio:
Waste + Marginal + Others 
Mill Feed
876 ,500 = o.31
2,826,700
Production Ratio = 1:0.310
Weekly Production Required is:
8000 M.tons ore x 7 days x 1.310 tons/M,tons = 73,400 M.tons/
day week ore M ton week
Daily Production Required is:










8000 x 7 x 1.394 = 78,100 M.tons/week
Daily Production Required:
78,100 = 14,200 M.tons/day
5.5






8000 x 7 x 1.367 = 76,500 M.tons/week 
Daily Production Required:
76.500 = 13,900 M.tons/day
5.5







8000 x 7 x 1.440 = 80,600 M.tons/week 
Daily Production Required:
80,600 = 14,700 M.tons/day
5.5






8.000 x 7 x 1.453 = 81,400 M.Ton/week
Daily Production Required:
81,400 = 14,800 M,tons/day
5.5






8.000 x 7 x 1.396 = 78,200 M.tons/week 
Daily Production Required:




A. Ten Meters Bench
4.0 - cubic yards/bucket
85.0% fill factor = 3.40 Cu. yards/bucket
Cycle time = 23 seconds
Availability = 50 minutes = 83%
hour
Tonnage Factor = 8.545 cubic feet
ton
Swell factor (65%)= 0.65
1 bucket capacity: 6.98 ton/bucket
3.40 x 27 x 0.65 = 6.98
8.545
Cycles: 130 cycles/hours
3600 sec x 1 cycles x 0.83 = 130 
hours 23
Shift Production:
Capacity = 9 07 tons/hour
130 cycles x 6.98 ton = 907 
hours bucket
7 hours x 907 tons = 6350 tons 
shift hour
Shift production = 6350 tons/shift
Required Shovel Shifts
At a required production rate of 12,100 tons per
day the required shovel shifts are:
12,100 = 1.90 shovel shifts
6,350
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Say, 2-shovel shifts per day, or 11-shovel 
shifts per week.
The purchase of one 4.0-cubic yards shovel will meet
these requirements, which will be scheduled to operate
on both day and afternoon shifts. A proposed schedule
is 11-shovel shifts. This allows one day overtime
each two weeks.
This schedule requires that all maintenance be
done on graveyard shift and Sundays. The availability
required, excluding Sunday maintenance is:
11 working shifts = 31%
18 total shifts
Due to the location of the ore, it is expected that
the shovel will be moved frequently and that is not a
good practice. Consequently, the purchase of two
shovels is justified. The company already purchased
two 4.0-cubic yards shovels; in order to calculate if
any additional capital will be necessary, the shovel
calculation will be based on 4-cubic yards shovels.
B. Nine Meters Bench
4.0 - cubic yards/bucket
85.0% fill factor = 3.40 cu yards
bucket
cycle time = 23 seconds
availability = 50 minutes = 83%
hour
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Tonnage factor = 8.454 cu feet
ton
Swell factor (65%) = 0.65
1 bucket capacity: 6.98 tons/bucket
3.40 x 27 x 0.65 = 6.98
8.545
Cycles: 130 cycles/hours
3600 sec x 1 cycle x 0.83 = 130
hours 23
Shift Production:
Capacity = 907 tons/hour
130 cycles x 6.98 ton = 907 
hours bucket
7 hours x 907 tons = 6350 tons
shift hour
Shift production = 6350 tons/shift
Required Shovel Shifts
At a required production rate of 12,900 tons per day
the required shovel shifts are:
12,900 = 2.0 shovel shifts
6,350
Say, 2-shovel shifts per day, or 11-shovel shifts 
per week. So, no extra shovel shifts are necessary.
The availability required, excluding Sunday main­
tenance is :
11 working shifts = 31%
36 total shifts
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C. Eight Meters Bench
4.0 - cubic yards/bucket
Fill Factor: 76%
Due to the height of the benches the author considers
that the bucket of the shovel will lose about 10 percent
of the capacity developed in a ten meters bench. Say,
0.90 x 85 = 76%
Cycle time = 25 seconds
Availability (83%) = 50 minutes/hour
Tonnage factor = 8.54 5 cu feet/ton
Swell factor (65%) = 0.65
1 bucket capacity: 6.24 tons/bucket
4.0 x 0.76 x 27 x 0.65 = 6.24
8.545
Cycles: 130 cycles/hours
3600 sec x 1 cycle = 130 
hours 35
Shift production:
130 cycles x 6.24 tons = 812 
hours bucket
7 hours x 812 tons = 5684 
shift hour
Shift production = 5684 tons/shift
Required Shovel Shifts:
At a required production rate of 12,600 tons per day
the required shovel shifts are:
12,600 = 2.2, say 3-shovel shifts per day, or 17- 
5,684
shovel shifts per week.
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Two 4.0-cubic yards shovels will meet these requirements 
The availability required, excluding Sunday maintenance 
is:
17 working shifts = 47%
36 total shifts
D. Seven Meters Bench
4.0-cubic yards/bucket
Fill Factor: 68%
Due to the height of the benches it is considered that
the bucket of the shovel will lose about 20 percent of
the capacity developed in ten meters bench. Say:
0.80 x 85 = 68%
Cycle time = 28 seconds
Availability (83%) = 50 minutes
hour
Tonnage factor = 8.54 5 Cu feet/ton
Swell factor (65%) = 0.65
1 bucket capacity: 5.59 tons/bucket
4.0 x 0.68 x 27 x 0.65 = 5.59
8.545
Cycles: 130 cycles/hours
3600 sec, x 1 cycle = 130 
hours 35
Shift Production:
Capacity = 726 tons/hour
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130 cycles x 5.59 tons = 726 
hours bucket
7 hours x 726 tons = 5082 tons 
shift hour
Shift Production = 5082 tons/shift
Required Shovel Shifts:
At a required production rate of 13,400 tons per 
day the required shovel shifts are:
13,400 = 2.64, say 3-shovel shifts per day, or 17- 
5,082
shovel shifts per week.
Two 4.0-cubic yards, shovels will meet these require­
ments .
The availability required, excluding Sunday main­
tenance is:
17 working shifts = 47%
36 total shifts
E. Six Meters Bench
4.0-cubic yards 
Fill Factor: 64%
Due to the height of the benches it is considered 
that the bucket of the shovel will lose about 2 5 percent 
of the capacity developed in ten meters bench. Say,
0.25 x 85 = 64%
Cycle time = 30 seconds
Availability (83%) = 50 minutes/hour
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Tonnage factor = 0.65
1 bucket capacity = 5.26 tons/bucket




Capacity = 684 tons/hour
130 cycles x 5.26 tons = 684 
hours bucket
7 hours x 684 tons = 4788 tons 
shift hour
Shift Production = 4788 tons/shift
Required Shovel Shifts:
At a required production rate of 13,500 tons per day
the required shovel shifts are:
13,500 = 2.82, say 3-shovel shifts per day, or 
4,788
17-shovel shifts per week.
Two 4.0-cubic yard shovels will meet these require­
ments .
The availability required excluding Sunday main­
tenance is:
17 working shifts = 47%
36 total shifts




Due to the height of the benches it is estimated 
that the bucket of the shovel will lose about 35 percent 
of the capacity developed in ten meters bench. Say:
0.35 x 85 = 55%
Cycle time = 35 seconds
Availability (83%) = 50 minutes/hour
Tonnage factor = 8.545 Cu feet/ton
Swell factor = 0.65
1 Bucket Capacity: 4.52 ton/bucket




Capacity = 587 tons/hour
130 cycles x 4.52 tons = 587 
hours bucket
7 hours x 587 tons = 4109 tons 
shift hour
Shift Production = 4109 tons/shift.
Required Shovel Shifts:
At a required production rate of 12,900 tons per day
the required shovel shifts are:
12,900 = 3.14, say 4-shovel shifts per day, or 
4,109
22-shovel shifts per week.
Two 4.0-cubic yards shovels will meet these require­
ments .
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The availability required, excluding Sunday main­
tenance is:
22 working shifts = 61%
36 total shifts
Truck Requirements
To select a fleet truck size is not an easy task for 
an open pit mine. It is necessary to establish and resolve 
a simulated model of the specific operation. Due to the size 
of the operation in Pueblo Viejo, the author chose an easy 
method, naturally, with enough confidence for the purpose of 
this study. In order to determine the truck requirements, 
this study was carried out only for the boundary cases; in 
other words, for five- and ten-meters bench.
The operation consisting of a loading shovel and trucks 
can be described as follows. A shovel loads a truck in a 
certain amount of time, called "loading time." After the 
truck is loaded, it hauls the material to a dumping point 
and returns to the shovel. The time consumed doing so is 
called "haul time." Depending on the relation between loading 
and haul time, and on the truck sufficiency at the shovel, a 
given number of trucks will operate efficiently with one 
shovel. To understand correctly the operation described 
here, one must realize two important points:
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1. Loading time, as well as haul time, is not constant, 
but varies according to probability distributions.
2. Due to the stochastic nature of the loading and haul 
time, delays will happen to the shovel and trucks.
Extending the analysis of this operation, it is realized 
that loading a truck is an operation composed of many elements 
such as swinging over the box of the truck, dumping the 
bucket load, swinging back into the bank, and filling the 
bucket. Also the haul cycle is composed of hauling a load, 
turning, spotting at the dumping place, returning to the 
shovel, and spotting at the shovel. So a complex system is 
being dealt with and some simplifications and assumptions 
must be made to overcome part of this complexity.
The following assumptions are applied in both cases 
(five- and ten-meters bench) in order to simplify this study:
1. Trucks are not allowed to pass each other in the 
same direction.
2. Truck velocity on a downhill haul is limited to 
15 mph. The maximum speed limit is 20 mph.














4. When loading time was calculated, the following 
steps were performed:
a. weight per cubic yard of loose material = 
weight in situ x swell factor.
b. tonnage per pass = bucket capacity in 
cubic yardsx fill factor x loose weight 
per cubic yard in tons.
c. number of passes per load = number of 
passes x excavator cycle time in minutes.
A. Ten Meters Bench
The cycle time used in this section for ten meters bench 
was determined from a time study carried out by the author 
on the mine site.
Total cycle time is:
Haul 5.47 minutes
Dump 0.90 h
Spot at shovel 0.70 II
Delays 2.90 II
Total 9.97 minutes
Loading time for a 4 5-ton truck is:
Buckets required = _______ 45-ton
6.98 ton/bucket
6.4 5 - 7 buckets
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Loading time = 7 buckets x 23 seconds x 1 minute
cycle 60 secs.
= 2.68 minutes 
Total time for ore cycle is:
Haul cycle time + loading time =
9.97 min. + 2.68 min. = 12.65 minutes 
Ore Haulage Rate:
60 min.
Tons/hour = hour x 7 buckets x 6.98 tons x 
12.65 min. cycle bucket
cycle
.83 shovel avail. = 193 tons/hour
Trucks required = Shovel rate (tons/hour)
Truck rate (tons/hour)
= 907 = 4.7 (5)
193
Low Grade Ore and Waste Haulage Rate:
Total time for cycle is:
7.00 + 2.68 = 9.68 minutes
60 min.
Tons hours = hour x 7 buckets x 6.98 tons x
9.68 min. cycle bucket
hour
.83 shovel avail. = 252 tons/hour
Trucks required = 907 = 3.60 (4)
252
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The truck requirements per shift are four on ore hauls 
and four on low grade and waste hauls for a total of eight. 
Assuming that 80 percent design availability involves a rea­
sonable maintenance program and that 90 percent time avail­
ability for eight running units is quite good for industrial 
purposes.
The truck fleet must consist of:
8 units (45-tons trucks) = 11.11 (12)
0.80 x 0.90
then, an addition of four trucks is recommended for the re­
quired fleet, so a total of twelve 45-tons trucks must be 
acquired.
B. Five Meters Bench
Since the development of a new mining method is being 
dealt with, it is not possible to obtain the average haul 
time by performing field experiments at the site. So by 
some other means the average haul time must be found for 
the truck study.
It is assumed that the elements which compose the 
hauling operation will be considered as only one component. 
The elements of haul time will be treated in the same way.
Because in five-metersbenches the shovels are not 
operated at their full potential capacity on a day-to-day 
basis, the haul time will be somewhat greater than the
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calculated values for ten-meters benches. Thirty percent 
increments were added to the calculated values.
Haul time for 10-meters bench is: 9.97 minutes 
Haul time for 5-meters bench is:
9.97 minutes x 1.30 = 12.96 minutes 
Loading time for a 45-ton truck is:
Buckets required = 45-tons truck
4.93 tons/bucket
= 9.12 - 10 buckets
Loading time = 10 buckets x 30 seconds x 1 minute
cycle 60 secs.
= 5.00 minutes 
Total time for ore cycle is:
Haul time + Loading Time 
= 12.96 minutes + 5.00 minutes = 17.96 minutes 
Ore Haulage Rate:
60 min.
tons/hour = hour x 10 buckets x 4.9 3 tons x 
17.96 min. cycle bucket
cycle
0.83 shovel avail. = 137 tons/hour
Trucks required = Shovel rate (tons/hour)
Truck rate (tons/hour)
= 508 = 3.71 (4)
137
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Low Grade Ore and Waste Haulage Rate:
Total time for cycle in ten-meters bench:
9.68 minutes
Total time for cycle in five-meters bench:
9.68 minutes x 1.30 = 12.58 minutes
60 min.
Tons/hour = hour x 10 buckets x 4.93 tons x 
12.58 min. cycle bucket
hour
0.83 shovel avail. = 195 tons/hour
Trucks Required = 508 = 2.61 (3)
195
The truck requirements per shift are four on ore hauls 
and three in low grade and waste for a total of seven. Since 
the mill throughput is keeping constant and the low grade and 
waste material will increase their categories, so eventually 
their tons mined will be decreased. Assuming that 75 percent 
design availability involves a reasonable maintenance program 
and that 80 percent time availability for seven running 
units is quite good for industrial purposes, then an addi­
tion of five trucks is recommended for the required fleet.
The truck fleet must consist of:
7 units (45-tors trucks) = 11.67 (12)
0.75 x .080
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Therefore, a total of twelve 45-ton trucks is a very 
good size for the truck fleet. From these findings it is 
concluded that the truck fleet of twelve 4 5-ton trucks 
already acquired by the company would match any bench height.
Drilling Requirements
It is with the drilling that the production cycle 
begins. Thus, any improvements in drilling results will 
be felt throughout the entire operation. The selection of 
a particular machine and the design of a drill pattern for 
producing drilling in a surface mine are the most critical 
operations of evaluation which the pit engineer has been 
called upon to make. It is a true engineering design prob­
lem, requiring value judgments. We have on hand another 
complex problem to be dealt with, so in order to overcome 
part of this complexity, some assumptions have been made.
Generally, the selection and design of a drill perfor­
mance follow these steps:
1. Determine and specify the conditions under which 
the machine will be used, such as the service 
factors (labor, site, weather, etc.)
2. State the objectives for the rock-breakage phases 
of the production cycle of operations— considering 
excavation and haulage restrictions, crushing 
capacity (if there is any), production quota, pit 
geometry--in terms of tonnage, fragmentation, throw 
etc.
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3. Based on blasting requirements design the drillhole 
pattern (hole size and depth, inclination, burden, 
spacing, etc.)
4. Determine the drillability factors; and for the 
kind of rock anticipated, select the drilling 
methods which accordingly appear feasible.
5. Specify the operating variables for each system 
under consideration, considering drill, rod, bit, 
and circulation fluid factors.
6. Estimate performance parameters, including costs, 
and compare. Major cost items are bits, drill 
depreciation, labor, maintenance, power, and fluids.
7. Select the drilling system which best satisfies 
all requirements and has the lowest overall cost.
A. Ten Meters Bench
The data used in this section are those from the actual 
operation of the mine.






Calculated tonnage per hole:
Tons/hole = 6.OM x 5.OM x 10.OM x 2.42 tons/M^
= 7 26 M tons/hole
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Tons per Foot Drilled:
7 26 = 19.3, approximately 20
37.7
Footage Required per Day:
13,300 TPD = 665 feet 
20 TPF
Drill Capacity: 372 feet/shift
62% x 6001/shift = 372
Drill Shifts Required per Day:
665 FPD = 1.79, approximately 2.0 shifts per day 
372 FPS
Two rotary drills, capable of drilling 7-7/8-inch diameter 
holes, meet these requirements. The company already has 
three rotary drills.
B. Nine Meters Bench






Calculated tonnage per hole:
Tons/hole = 5.0M x 5.0M x 9.0M x 2.42 tons/M^
= 54 5 tons/hole 
Tons per Foot Drilled:
545 = 15.9, approximately 16
34.1
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Footage Required per Day:
14,200 TPD = 887 feet 
16 TPF
Drill Capacity: 372 feet/shift
62% x 6001/shift = 372
Drill Shift Required per Day:
887 FPD = 2.38, approximately 3 shifts per day 
372 FPS
The drill fleet already acquired by the company meets
these requirements.
C. Eight Meters Bench





Drill Performance: 140 M/shift
Calculated tonnage per hole:
Tons/hole = 5.0M x 5.0M x 8.0M x 2.42 tons/M^
= 484 M tons/hole
Tons per Foot Drilled:
484 = 15.9, approximately 16
30.5
Footage Required per Day:
13,900 TPD = 869 feet 
16 TPS
Drill Capacity: 310 feet/shift 
62% x 500'/shift = 310
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Drill Shift Required per Day:
869 FPD = 2.8, approximately 3 shifts per day 
310 FPS
The drill fleet already acquired by the company meets
these requirements.
D. Seven Meters Bench





Drill Performance: 130 M/shift
Calculated tonnage per hole:
Tons/hole = 5.OM x 5.OM x 7.OM x 2.42 tons/M^
= 424 tons/hole
Tons per Foot Drilled:
424 = 15.6, approximately 16
27.2
Footage Required per Day:
14,700 TPD = 919 feet 
16 TPS
Drill Capacity: 264 feet/shift
62% x 426'/shift = 264
Drill Shift Required per Day:
919 FPD = 3.48, approximately 4 shifts per day 
264 FPS
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These requirements are met by the drill fleet already
acquired by the company.
E. Six Meters Bench






Calculated tonnage per hole:
Tons/hole = 5.0M x 5.0M x 6.0M x 2.42 ton/M^
= 363 M tons/hole
Tons per Foot Drilled:
363 = 13.6, approximately 14
26.6
Footage Required per Day:
14,800 TPD = 1057 feet 
14 TPS
Drill Capacity: 264 feet/shift
62% x 426'/shift = 264
Drill Shift Required per Day:
1057 FPD = 4.0, approximately 4 shifts per day 
264 FPS
These requirements are met by the drill fleet already 
acquired by the company.
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F. Five Meters Bench
Drill Pattern: 3.6M x 3.6M




Drill Performance: 136 M/shift
Calculated tonnage per hole:
Tons/hole = 3.6M x 3.6M x 5.OM x 2.42 tons/M^
= 157 tons/hole
Tons per Foot Drilled:
157 = 7.4, approximately 8
21.3
Footage Required per Day:
14,200 TPD = 1775 feet 
8 TPF
Drill Capacity: 291 feet/shift
62% x 469'/shift = 291
Drill Shift Required per Day:
177 5 FPD = 6.1, approximately 6 shifts per day 
291 FPS
As it is expected that the operation of mining in five- 
meters benches may be more versatile, so the operation of 
drilling will get more mobility, but these requirements can 
be met by the drill fleets of three rotary drills. From the
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calculations shown in this section, it can be concluded 
that it would not be necessary to acquire any extra drilling 
machines.
Clean-Up
The operations of clean-up, road maintenance, and con­
struction as well as general work can be met in all cases 
with the actual crawler tractor fleet purchased by the 
company (three D-8 size crawler tractors).
A rubber tired tractor is required for shovel and 
dump clean-up. This mobile unit can save expensive travelling 




The measure of the success of any mining operation 
is the size of the difference between sales realization and 
cost of product, including operating, sales, administration, 
capital, and others. Evaluation of alternatives in a mining 
project necessitates projecting costs and sales realization 
as accurately as possible. Possible variations in specific 
cost elements must be considered so nothing improves the 
output of an engineering-economic study more than a good 
input; meaningful conclusions can be drawn only from mean­
ingful data.
With this in mind, a detailed estimation of cost has 
been conducted on each of the alternatives (Appendix B) 
taking as a "guideline" the data from the actual mining 
operation. The findings of this study are shown in Table I.
As a result of this study, it can be concluded that the mining 
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In this age of advancing technology, successful managers 
must make informed investment decisions that determine the 
future success of their companies by drawing systematically 
on the specialized knowledge, accumulated information, ex­
perience and skills of many people. In evaluating projects 
and making choices between investment alternatives, every 
manager is painfully aware that he cannot and will not always 
be right. Management pressure is increased by the knowledge 
that a company's future depends on the ability to choose, 
with high degree of consistency, those investment and market 
opportunities that have a high probability of success, even 
though the characteristics of future events are seldom pre­
cisely known.
It is well known that a large number of parameters 
are involved during the evaluation of a mineral project.
Some of the parameters that affect a project can be either 
controllable, e.g., bench height, planned productive capa­
city, slope design; or uncontrollable and subject to un­
certainty or risk, e.g., ore grade, product price, etc.
53
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During the early stage of a mining project it is nec­
essary to carry out a very well organized study upon those 
parameters that must affect the project and can be controlled 
by solving some engineering problems in such a way that 
no extra investment would be necessary in the future, nor 
would marginal profit be given away. Those parameters more 
suitable to this situation in open mining are slope design, 
pattern grid size, bench height, etc. Once these parameters 
are defined, the remaining problem is to combine the distri­
butions of the individual parameters to arrive at an economic 
indicator, such as the Discounted Cash Flow Rate of Return.
In other words, to have on hand a solid answer showing it is 
necessary to run all the possible combinations of parameters 
that will give all the possible discounted cash flow rates 
of return. Evidently the number of all possible combinations 
is too large to observe and impractical to calculate in its 
entirety. It is best to think of a finite population of 
economic indicators (D.C.F.R.O.R-)*
The population of D.C.F.R.O.R. can be inferred by means 
of simulation techniques. In order to make inferences about 
the population, it is necessary to sample the population by 
generating different random numbers for each parameter, one 
at a time; in other words, simulating the occurrences of the 
parameter values.
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In order to simulate the population of D.C.F.R.O.R. 
a computer program that generates random numbers from a 
system subroutine is used. Those numbers randomly selected 
are compared with the values of the cumulative probability 
functions, until the appropriate parameter values are 
assigned.
With all parameter values already defined, the first 
simulation is completed. Further programming instructions 
calculate the annual cash flows and the corresponding dis­
counted rate of return is obtained. Five hundred simulations 
generate a random D.C.F.R.O.R. sample of five hundred obser­
vations .
Statistically, the purpose of this is to generalize 
from information contained in the random sample, about the 
population from which the sample was obtained; so inferences 
about the parameters of the population such as the Mean 
(y) and the standard deviation (a), can be gathered by use 
of the statistics X and S, calculated on base of the simulated
i
random sample.
A 9 5-percent confidence interval is calculated in order 
to estimate possible error when using a sample Mean to 
estimate population Mean.
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The parameters considered in this model for each project 
of mining at different bench heights are capital investment, 
ore grade, price and operating cost.
Capital Investment
As a result of the mine equipment determination, no 
additional investment on mine equipment will be required 
for any of the projects under consideration. As some addi­
tional investment may be required to insure proper operation, 
a probabilistic distribution skewed to the right was assumed 
and the corresponding histogram is shown in Figure 4. A 
total initial investment of 45-million dollars was considered.
Ore Grade
It is assumed that the results from the statistical in­
vestigation are valid for the entire orebody mining at a 
specific bench height.
As a result of the statistical investigation, the pro­
bability distribution and the corresponding histogram are 
built as shown in figures 5, 8 , 12, 15, 19 , and 21.
Price
The price is one of the most important and complex 
parameters in any economic evaluation. For the purpose of 
this study an "almost educated guess price" combined with
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probability of occurrences is used. A price range between 
$120-$183 per ounce of gold is assumed. From this range a 
histogram is built for each phase of the alternatives as is 
shown in figures 7, 14, and 21.
Operating Cost
In order to determine the profitability of each alter­
native, operating costs were calculated for each case (see 
"Operating Cost") and they were escalated 10-percent for each 
phase of the projects. A probability distribution is 
assumed (Figures 6/13, and 20)/ and in Tables III, V, VII, 
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The purpose of this study has been to analyze economic 
alternatives in designing an open-pit gold mine, taking into 
consideration the gold values distribution with respect to 
changes in the depth within the orebody.
With this in mind, a comparison study of grade and 
tonnage between five- and ten-meters bench was originally 
conducted by the author in the mine site (197 5), Pueblo 
Viejo Mine (Dominican Republic). An area of the main pit 
was taken as representative of the orebody and was redesigned 
for five- and ten-meters bench heights. A special computer 
program was written by the author to compare the economics 
of the two bench heights (see Appendix C). These economics 
were affected by differences in drilling, blasting, loading, 
hauling, and road maintenance requirements. The requirements 
were directly modeled in the form of differences in operating 
cost. As a result of that study, the author found that the 
smaller bench may result in sending some ore to the mill 
that previously would go to the waste or leaching dump.
It was necessary to decide if the gains from recovery of a
92
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large amount of precious metals more than offset the higher 
operating costs. In order to find an answer to this question, 
the author selected one of the pits (East Mejita Orebody) 
from the mine and redesigned it for all benches elevation 
in between five- and ten-meters, increasing at a constant 
rate of one meter.
The recommended methodology for evaluating this type 
of ore deposits as presented in this thesis is believed to 
be the best objective and realistic approach to an evaluation. 
It was found that doing evaluation using composites of dif­
ferent elevations, four things can happen:
a) The value of the deposit could be increased by
obtaining higher mean-grade and higher tonnage
for the orebody.
b) The value of the deposit could be increased by
obtaining higher tonnage and reducing the mean-
grade for the orebody.
c) The value of the deposit could be decreased by 
obtaining lower tonnage and increasing the mean- 
grade for the orebody.
d) The value of the deposit could be decreased by 
obtaining low : tonnage and reducing the mean- 
grade for the orebody.
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In order to make a decision based on economic analysis 
all the projects were modeled into the computer program that 
simulates the possible outcomes taking the probabilities 
associated with each parameter. It is important to note 
that the probabilities associated with each parameter are 
not really known, but they can be used to approximate sub­
jectively determined ranges. It is therefore one of the 
author’s recommendations to use the same probability distri­
bution for all the parameters that the projects have in 
common.
As a result of the five hundred simulations conducted 
on each project (Appendix D), it is concluded that Mejita 
Orebody should be mined using eight-meters bench height as 
well as a similar study should be carried out on the main 
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This item is directly related to actual mine operating 
cost per hour. The items involved here are repair and main­
tenance (supplies, fuel, lubricating oils, tires, etc.) and 
labor cost. Ownership cost is not considered in this study.




Repair and Maintenance 24.00/hour
$27.77/hour
Operate: 160 hours/week
Drill: 66y500 M tons/week
Primary:
160 hours/week x $27.77/hour = $0.067/M ton
66,500 M ton s
Secondary:
(12% Primary Cost) $0.008/M ton




Blast Pattern Design: 5.0M x 6.OM
Length: 10.OM
Sub-Drill: 1.5M
Drill Hole 0: 7-7/8"
Load Factor: 1.3 pound/M^
AN/FO Load: 66%
Slurry Load: 34%
AN/FO Cost = 448.5 lbs AN/FO x $16.09 = $0,099/
726 M ton 100 lbs M ton
Slurry Cost= 152.5 lbs x $44.55 = 0.094/M ton
726 M tons 100 lbs
Primers/Primacord: = 0.012/M ton
Total Material Cost: $0.205/M ton





8 hours/day x $7.03/hour x 5 days/wk = $0.004/M ton
66,500 M tons
Secondary: $0.004/M ton




Repair and Maintenance: 31.00/hour
$33.71/hour
Labor-Operator(overtime) 3.55/hour 
Repair and Maintenance: 31.00/hour
$34.55/hour





Repair and Maintenance: 14.00/hr.
$16.51/hr.
Labor-Operator(overtime): 3.29/hr.
Repair and Maintenance: 14.00/hr.
$17.29/hr.
(80 hrs/wk. x $16.51/hr)+(4 hrs/wk X $17.29/hr) =
66,500 M tons/wk.
$0.021/M ton
Total Loading: $0.106/M ton
(d) Hauling
Labor-Operator: $2.51/hour

































Total Hauling: $0.344/M ton
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240 hours/week x $27.77/hour = $0.094/M ton
71,000 M tons
Secondary:




















AN/FO Cost = 409 lbs. AN/FO x $16.09 = $0.121/M. ton
545 M. tons 100 lbs.
Slurry Cost= 147.2 lbs. Slurry x $44.55 = $0.120/M. ton
545 M. tons 100 lbs.
Primers/Primacord: 











































(80 hrs/wk. x $16.51/hr.)+(4 hrs/wk. x $17.29/hr.) =
71,000 M. tons/week
$0.020/M. ton





Labor-Operator (overtime) $ 3.29/hour 
Repair and Maintenace: 33.00/hour
$36.29/hour












Labor-Operator (overtime) $ 3.29/hour 
Repair and Maintenance: 14.00/hour
$17.29/hour








80hrs/wk. x $7.51/hr. = $0.008/M. ton 
71,000 M. tons/wk.
Total Hauling:





























































AN/FO Cost: 365 lbs. AN/FO x $16.09 = $0.121/M ton
484 M tons 100 lbs
Slurry Cost: 131.4 lbs Slurry x $44.55 = $0.121/M ton 
484 M tons 100 lbs
Primers/Primacord: 



















































































80 hrs/wk x $7.51/hr = $0.008/M ton
73,000 M tons/wk
Total Hauling: $0.355/M ton
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423 M tons 
Slurry Cost:
100 lbs
115.2 lbs Slurry x $44.55 = $0.121/M ton 
423 M tons 100 lbs
Primers/Primacord: 

































Labor-Tractor Operator: $ 2.51/hour
Repair and Maintenance: $14.00/hour
$16.51/hour
Labor-Operator (overtime) $3.29/hour
Repair and Maintenance: 14.00/hour
$17.29/hour
(160 hrs/wk x $16.51/hr)+(16 hrs/wk x $17.29/hr) =
78,000 M tons/week
$0.037/M ton
Total Loading: $0.110/M ton
(d) Hauling
Labor-Operator: $2.51/hour
Repair and Maintenance: 33.00/hour
$3 5.51/hour
Labor Operator (overtime): $3.29/hour
Repair and Maintenance: 33.00/hour
$36.29/hour













Repair and Maintenance:_____________ __________
$17.29/hour









80 hrs/wk x $7.51/hour = $0.008/M ton
78,000 M tons/wk
Total Hauling: $0.445/M ton













































0.36 pound/M ton 
70%
30%
AN/FO Cost = 234 lbs AN/FO x $16.09 = $0.200/M ton 
188 M tons 100 lbs
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Slurry Cost = 70.2 lbs slurry x $44.55 = $0.167/M ton
188 M tons
Primes/Primacord: 













38 6/M ton 
046/M ton
























(160 hrs/wk :x $33.71/hr) + (16 hrs/wk x


























































80 hrs/wk x $7.51/hour = $0.008/M ton
80,000 M tons/week
Total Hauling: $0.434/M ton














































0.36 pound/M ton 
70%
30%
AN/FO Cost = 221 lbs AN/FO x $16.09 = $0.228/M ton 
156/M tons 100 lbs
Slurry Cost = 66.3 lbs slurry x $44.50 = $0.189/M ton
























































Repair and Maintenance: 33.00/hr.
$36.29/hr.





Repair and Maintenance: 14.00/hr.
$16.51/hr.
Labor-Operator (overtime) $3.29/hr.
Repair and Maintenance: 14.00/hr.
$17.29/hr.





Repair and Maintenance 5.00/hour
$7.51/hour
80 hrs/wk x $7.51/hour = $0.008/M tons
79,000 M tons week
Total Hauling: $0.439/M ton
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Nyears = Number of years
Nppy = Number of parameters per year
Npaey = Number of probabilities associated each year
Nsim = Number of simulations
Aror = Assigned rate of return
Ta = Value of the student-t distribution
Para = Parameter
Prob = Probability
Random = Subroutine random
Cum = Cumulative probability
R = Random number
S = Selected parameter
J = Integer variable representing set of para
and prob (counter)
12 = Integer variable representing random cash
flow number
Cashf = Cash flow
Ccf = Function calculus of cash flows
L = J
Ror = Array containing all the simulated rates
of return
Rorm = Mean of the ror array
Sdror = Standard deviation of the rate of return
128
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Rormin = Lower limit of the confidence interval
Rormax = Upper limit of the confidence interval






Setran = Random sistem subroutine
X = Second and tenth of a second ss.t
Ran = Random number
I = counter
R = Ran x 100, random number from 0 to 99
Function ccf:
I = Simulation number
Function cror:
J = Number of simulations
R = Aror
LL = Nyears
D = Increment in r
S = Net present value
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*
READ: NY EARS, ifPPY 
NPAZY,NSIM 
AH OR, TA j
READ ONE SET OP 
PARA , PROB

















































RETURN THE 5 ARRAI 
TO MAIN PROGRAM
CALCULATE 5 BY 
SELECTING PARA 
ACCORDING TO R 
EASE ON CUM
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$ " T h i s  p r o g r a m  h a k e s  a s e n s i t i v i t y  a n a l i s i s  $
$  F o r  a B E N C H  H E I G H T  d e s i g n  i n  A GOLD M I N E  t a -  $
S K I N G  I N  C O N S I D E R A T I O N S  T H E  P R O B A B I L I T Y  D I S *  $
T R I  BUT  I  ON OF T H E  ORE D E P O S I T  V A L U E S
AND t h e  p r o b a b i l i t y  .d i s t r i b u t i o n  OF SOME  
o t h e r s  P A R A M E T E R S  S UC H  ASlPRICES FOR GOLD  
$  AND S I L V E R ,  O P E R A T I N G  COSTS,
$ THE P ROGRAM U S E S  R a NDCM N U M B E R S  I N  OR D E R  $
$ TO S E L E C T  THE P A R A M E T E R S  W H I C H  ARE G O I N G  TO $
$  BE I N V O L V E D  I N  T H E  C A L C U L A T I O N  OF C AS H  F LOWS ! .  $
$ T h e  C A L C U L A T I O N  OF CASH FLOWS
J W I L L  Y I E L D  THE S I M U L A T E D  R A T E S  OF R E T U R N  FROM $
$ W H I C H  S T A T I S T I C A L  I N F E R E N C E S  AS M E A N . S T a N -
$  c a r d  d e v i a t i o n  a n d  confidence i n t e r v a l  a r e  $
$ E S T I M A T E D ” $$ s
$ P R O G R A M M E R !  $
$ $
$  M I G U E L  A , P E N A  S
$  . S
$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ * $ $ $ $ $ J S S S S S S S S S S S S S S S S S S $ $ S $ S S S S S
T H I S  S U B R O U T I N E  HAS AS I N P U T  T H E  P A R A M E T E R S  AND  
T H I S  S U B R O U T I N E  A L S O  C A L C U L A T E  T H E  C U M U L A T I V E  
P R O B A B I L I T Y  F OR  E A C H  P A R A M E T E R , T H E  FLOW OF RANDOM  
N U M B E R S  S E L E C T  THE  C O R R E S P O N D I N G  P A R A M E T E R  A C C O R D I N G  
TO T H E  C U M U L A T I V E  P R O B A B I L I T Y  A L R E A D Y  C A L C U L A T E D .
T H E  R E T U R N  V A L U E S  QF T H I S  i S U B R Q U T I n E ARE T H E  C U M U L A T I V E
p r o b a b i l i t i e s  , t h e  r a n d o m  n u m b e r s  a n d  t h e
S E L E C T E D  P A R A M E T E R S .
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
S U B R O U T I N E  R A N D O M ( P a R A , P R C B , N , L , U , C U M , R , S )
D I M E N S I O N  P A R A ( 1 0 , 1 0 ) , P R O B11 0 , 1 8 ? » C U M ( 1 0 , 1 0 )
D I M E N S I O N  R ( 1 0 , 5 0 0 ) , 3 ( 1 0 , 5 0 0 )
$ $ $ S S $ S $ $ $ S S S S $ S S S $ $ $ $ $ J S $ I $ $ $ S S $ * S S $ I I $ S $ S $ $ $ $ $ $ $ S S S $
SUM = 0
00 20 1=1,L 
SUM = SUM + P R O B ( J ,  I ) 
C U M ( J , I ) oSUM  






CALL  T I M E £ X , Y >C A L L  S E T R A N C Y )
0 0  8 0  I p 1 * N  
R A = R A N( Y ) # 1 0 0 <
I R s I P I X ( R A )
R ( J , I ) ? F L 0 A T ( I R )
K s 0
K SK * 1
I F C K , G T , 1 0 ) C O  TO 5 0
I F  C R < J  # I  ) - »CUM< J , K )  > 5 0 # ;3 « * ^ f i lS ( J #I ) sPARA( J  ̂ K >








C T H I S '  F U N C T I O N  c c f  W H I C H  MEANS C A L C U U U S  OF CASH FLOW
C HAS AS I N P U T  t h e  S E L E C T E D  ' P A R A M E T E R S  POP ONE S I N G L E
C Y E A R  AND T H E  O U T P U T  I S  T H E  C AS H  FLOW FOR T H A T





F U N C T I O N  C C F ( S ,  I )
D I M E N S I O N  S ( 1 0 , 5 0 0 )
I F  ( 3 ( 1 , 1 3 )  3 0 0 , 3 0 0 , 4 1 0 0  
3 0 0  C C F = S ( 1 » I ) » 1 0 0 0 0 0 0 ,
GO TO 5 0 0
4 0 0  C C F * ( ( (85 35 5 ,16 *5 (1 , I ) » . 4 8 « S ( 3 « I > * ( 0 5 3 5 5 , 1 6 # S < 4 ,  I )
l * , 2 0 * S ( 3 . I ) * 7 1 8 9 , 7 l * 8 ( 6 , I ) ' * , ' t 0 * S ( . 3 . n * j l l 8 9 , 7 1
2*S ( 7 , I ) « . 07S»S( 5 , 1 ) ) „ s < 2 , 1 ) ) - 3 6 0 5 9 0 , ) « , 5 0 + 3 6 0 5 9 0 , )
5 0 0  W » l .






C t h i s  F U N C T I O N  CKQR W H I C H  ME A NS - C A I . C U L U S  OF R A T E  o f
e R E T U R N  H a s  AS i n p u t  t h e  ca l c u l a t e d  c a s h  f l o w s  f o r
C T H E  L I F E  OF THE  P R O J E C T  AN AS A C U T P U T  T HE
C C O R R E S P O N D I N G  R A T E S  OF R E T U R N  FOR T H E  C O M B I N A T I O N
C OF C AS H  F L O W S .
C
c $ $ s $ s s $ $ $ $ s s $ $ j s s s $ s 5 $ s s $ s $ s $ s s i s j $ j s s j $ s $ $ $ i s $ $ s $ i
c 
c
F U N C T I O N  C R Q R ( C A S H F , J , R * ’L L  )
D I M E N S I O N  C A S H F C 1 0 , 5 0 0 )
D = 0.
S 1  = 0 ,
GO TO 7
1 4  D = - 0 , 0 0 0 1  
S 1 = S
GO TO 715 . 0 = 0 . 0 0 0 1
S 1  = S
7 R = R + D  
S = 0.
00 1 K s l . L L  
K 1 = K - 1
I F  ( K l . GT' , ’0  I GO T q  1 0 1  
A« C A S H F ( K 1 J  i *  ( 1 ,  / ( l , + R ) # » K l i  
GO TO 1 0 2
1 0 1  N 2 = 1 + J L  
A l = C A S H F ( K , J ) » ( C l . + R ) # # 2 « l . ) / ( R « f l , * R ) * « 2 )
A = A l  # ( 1 . / < 1 . +  R ! * * N 2 )
J L  = 2
1 0 2  S = 5 *  A
1  C O N T I N U EIF 5 S+Sl)4.8(5 5 IFtS + Si.LE'rSi) GO TO 8GO TQ IS 
4 IF (S + Si , GE’.'Sl > Go TO 8GO TO 14
8 CROR = R # 1 0 0 ',











c P A R A s R a R a H E T E R
c P R Q B s P R O B A B I L I t Y  a s s o c i a t e d
c c u m = c u m u l a t i v e  p r o b a b i l i t y
C R s R A N D O M  n u m b e r
c c a s h f = c a l c u l a t e d  r a n d o m  c a s h  f l o w
C S s S E L E C T E D  PARAMETER
C R O R = R A N O O M r a t e  o f  r e t u r n
C A S T = X ( G R a PH S I M B O L !
C N Y E A R S a N U M B E R  of Y E a R I T W Q  Y E A R S s Q N' E  P H A S E )
c n p p y * n u m b e r  o f  p a r a m e t e r s  f e r  p h a s e
c n p a e y = n u b e r  o f  p r o b a b i l i t i e s  a s s o c i a t e d  e a c h  y e a r
e  n s i m s n u m b e r  o f  s i m u l a t i o n s
C a R O R s A S S I G N E D  r a t e  o f  r e t u r n
C TA = V A L U E  OF" T H E  S T U O E N T - T  . D I S T R I B U T I O N
c 
c
D I M E N S I O N  P A R A f 1 0 ( 1 0 ) , P R Q 8 ( 1 0 , 1 0 ) « C U M < 1 0 , 1 0 )
D I M E N S I O N  R C 1 0 , 5 0 0 ) , S ! 1 0 , 5 0 0 ) , C A S h F < 1 0 , 5 0 0 )
D I M E N S I O N  R O R ! 5 0 0 )
D I M E N S I O N  A S T ( 5 0 0 )
D A T A  A S T / 5 0 0 * ' X ' / >  0 / '  <7
C
c
C T H E  P ROGRAM R E A D  T H E  I N P U T  D A T A ;  P R O J E C T  L I F E ,
C N UMBER OF P A R A M E T E R S  P E R  Y E A R ,  NUMBER OF P R O B A B I L I T I E S ,
C A S S O C I A T E D  E A C H  P H A S E , d e s i r e d  NUMBER OF S I M U L A T I O N S ,
C A S S I G N E D  R A T E  OF R E T U R N  ANC T H E  V A L U E  OF T H E  S T U D E N T , T
c d i s t r i b u t i o n  f o r  t h e  de s i r e d  d e g r e e  o f  c o n f i d e n c e .
cf
R E A D < 3 , 1 1 ) N Y E A R S , N P P Y , N P A E Y , N S I M , A R 0 R , T A  
1 1  F O R M A T ( 4  1 , 2 F )
M = N S I M
0 0  1 0 0  K s l . N Y E A R S  
K N = K - 1
DO 6 0  J * l , N P P Y
C
C
C T HE  P ROGRAM W I L L  R E A D  T H E  P A R A M E T E R S  AND T H E  P R O B A B I L I T Y
C A S S O C I A T E D  TO E AC H  P A R A M E T E R  I N V O L V E D  I N  T H E  P R O J E C T




R E A D  < 3 , 1 0  ) ( P A R A  < J ,  I  ) , U l . N P A E Y ) ,  ( P R O B U ,  I )  . i s l . N P A E Y )
1 0  F O R M A T ( 1 0 F )
J 2  = J
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